Data were obtained from 1,908 pregnancies resulting from bovine embryo transfer procedures. Responses examined included sex ratio, fetal, neonatal and preweaning death losses, birth weight and calving assistance. The sex ratio for 1,751 embryo transfer calves examined was 51.11% males. Cows older than 10 yr that had become repeat breeders produced more (P<.05) male calves than other donors. Breed of embryo, age and quality of embryos at the time of transfer, embryo storage time from collection to transfer, asynchrony of recipient with donor estrus and number of palpable corpora lutea in superovulated donors were not related to sex ratio (P>.05). The abortion rate between 2 and 3 mo of gestation in embryo transfer recipients was 3.15%, and between 3 to 7 too, 2.14%. Neonatal and preweaning losses for 1,682 calves with complete information were 1) congenital defects, .54%; 2) death due to premature birth (7 to 8 mo of gestation), .18%; 3) dystociarelated deaths, 2.38%; 4) deaths of unknown causes at birth, 2.14%; 5) deaths of unknown causes from 24 h after birth to weaning, 1.43%; 6) deaths due to calfhood diseases, 1.25% and 7) deaths due to environmental factors, 1.13%. Total losses of 2-too pregnancies due to abortion or death of calves or recipients were 14%. Birth weight of embryo transfer calves changed .29 kg/d of deviation from average gestation length (P<.005) for pregnancies within breeds. Birth weight was also affected (P<.OOS) by donor breed and recipient breed and age. Male calves averaged 2.19 kg heavier (P<.005) than females. Calving assistance was affected by donor breed; Angus calves required the least assistance (P<.O05). Hereford, Holstein and Limousin calves were similar and intermediate; Simmental calves needed the most calving assistance. Recipient breed and age influenced calving ease, with younger recipients of Angus and Hereford descent requiring more assistance (average calving score, 2.1) than both cow (1.3) and heifer (1.5)recipients of the larger Continental European breeds. Characteristics of 305 non-embryo transfer calves were not siguificandy different from 185 embryo transfer calves from the same farms. We conclude that embryo transfer calves did not differ from the non-embryo transfer population in any of the characteristics studied.
I ntroduction
Embryo transfer procedures are being used commercially in several species. There were an estimated 140,000 embryos transferred in cattle in the United States and Canada in 1983 (Seidel, 1984) . To date there have been no large systematic studies of calves resulting from embryo transfer procedures. Because there are few data on sex ratio, birth weight and death t This research was supported by NIH grant HD-13487. We especially acknowledge the efforts of the ranchers and farmers who provided much of the data, personnel with several breed associations, and the conscientious work of personnel at the Embryo Transfer Laboratory, Colorado State Univ.
2 Anim. Reprod. Lab. Received November 14, 1983 . Accepted April 26, 1985 losses occurring in embryo transfer pregnancies, a brief review of these characteristics in the non-embryo transfer bovine population follows. Abortions represent a loss of reproductive efficiency in normal bovine populations. Bellows et al. (1979) observed an abortion rate of 2.3% in 12,827 calvings, but the time of initial pregnancy diagnosis was not stated. The abortion rate associated with 69,479 calvings of artificially inseminated herds in New Zealand was 2.2% and, from natural matings in the same population, 2.8% (Anonymous, 1958) .
Mortality of calves is also a major loss to the cattle industry (Bellows et al., 1979) . Reynolds et al. (1980) studied 679 calvings in which an 8.8% death loss was observed. Sixty-eight percent of these deaths occurred at birth or within the first 72 h postpartum. It was stated that improved management would have reduced losses. 747 JOURNAL OF ANIMAL SCIENCE, VoL 61, No. 4, 1985 Similar findings have been found by many other authors, e.g., Philipsson (1976a, b) and Greene (1978) . Sellers et al. (1968) , in a study involving 36,004 herds, found that 6.8% of the calves dying within 8 wk of birth exhibited some form of congenital defect. Greene (1978) , in Ireland, found that congenital defects resulted in 7.0% of 264 deaths in 2,598 pregnancies. Cockrill (1979) found a similar proportion (6%) in Arkansas.
Increases in chromosomal abnormalities have been found in embryos resulting from superovulation of rabbits (Fujimoto et al., 1974) , humans (Boue and Boue, 1973) and mice (Maudlin and Fraser, 1977) . However, studies of chromosomes of term fetuses resulting from embryo transfer seem not to have been done except in rabbits, where Fraser et al. (1975) found no abnormalities.
Large numbers of calves have been surveyed, and the sex ratio was consistently between 50 and 53% males (Brands et al., 1965; Bar-Anan, 1971; Johansson et al., 1974; Powell et al., 1975; Foote, 1977; Skjervold and James, 1979) . To date no data on sex ratios of large groups of embryo transfer calves have been published. However, in non-bovine species, Maurer and Foote (1971) found an overall sex ratio of 44.9% males in a group of 1,429 embryo transfer rabbits. James (1980) found a similar situation in human infants conceived after ovulation induced by exogenous gonadotropins and(or) clomiphene. The observed sex ratio was 43.6% males, quite different from the expected one of 51.4%. The research to be described was undertaken to study the characteristics of a large population of calves resulting from embryo transfer.
Materials and Methods
Data were obtained for calves resulting from embryos transferred during the years 1974 through 1980 to evaluate the effects of fertile vs infertile donors, asynchrony of reproductive cycles of recipient and donor, embryo quality at time of transfer, embryos from superovulated vs unsuperovulated donors, length of storage of embryos, and age of donor and recipient on sex ratio, abortion rates, birth weight, calving assistance, neonatal and preweaning deaths and congenital defects.
Source of Embryo Recovery and Transfer
Data. Approximately 600 donors were superovulated with follicle stimulating hormone (FSH) or pregnant mare's serum gonadotropin (PMSG) with or without prostaglandin F20t (PGF2a) to induce estrus at the Embryo Transfer Laboratory, Colorado State University. Animals were observed for signs of behavioral estrus twice daily and inseminated as described by Elsden et al. (1976) . In some cases donors were not superovulated, but were inseminated 12 h after an observed estrus for collection of a single embryo. In addition, some donors had been presented as infertility cases. In some instances, the causes of the reproductive problems of the cows were known (Bowen et al., 1978; Elsden et al., 1979) .
Two procedures were used to recover embryos from donors on d 3 to 11 after observed estrus (estrus = d 0). Until 1976, embryo recoveries were performed surgically as described by Bowen et al. (1978) . Since 1976, a nonsurgical procedure has been used (Elsden et al., 1976) .
Embryos were recovered from the medium used to irrigate the uterus, washed, classified and stored in culture medium until time of transfer (Elsden and Seidel, 1982) . Embryos were classified on a scale of 1 to 6 as follows: 1 = no obvious abnormalities and at the proper stage for the number of days post-estrus (excellent); 2 = trivial imperfections such as oval zona, a few, small extruded blastomeres, or slight asymmetry (good); 3 = definite but not severe problems such as moderate numbers of extruded blastomeres, small size, limited degeneration, et cetera (fair); 4 = partly degenerate, vesiculated cells, greatly varying cell sizes, very small size, retarded and(or) similar problems (poor); 5 = severely degenerate, probably not worth transferring (very poor) and 6 = unfertilized, two-or three-cell embryos, or zona pellucida only. After classification, embryos were stored in an incubator at 37 C or at ambient temperature until transfer to a recipient. Storage time was between 1 and 10 h for 99% of embryos. Five pregnancies resulted from embryos stored more than 18 h.
Recipients were observed in estrus within +2 d of the estrus of the donor, except three cases involving asynchrony of 2.5 d. Recipients were also screened for normality of estrous cycles and good health. Most recipients used had naturally occurring behavioral estrus. A few recipients were treated with PGF2c~ to synchronize estrus.
Embryos were transferred to recipients non-surgically, Or by mid-line or flank surgery. Animals were prepared for mid-line transfer as described by Seidel et al. (1980) . Flank transfers were performed under local anesthesia while the recipient animal stood in a restraining chute (Elsden and Seidel, 1982) . A Cassou insemination pipette with sterilized .25-cm 3 straws and sheaths was used when embryos were transferred nonsurgically (Elsden and Seidel, 1982) . Pregnancy was diagnosed by rectal palpation approximately 55 to 65 d after the donor was in estrus. Recipients diagnosed pregnant were palpated again 80 to 100 d after estrus to verify pregnancy. Age, breed, superovulation treatment, ovarian response and number of embryos recovered were recorded for the donor. The recipient records included age, breed, synchrony of estrus with the donor, method of transfer and ease of transfer. The embryo description sheet included age of embryo, number of cells, several morphologic characteristcs, storage medium used and embryo quality. Only embryos and recipients resulting in 2-mo pregnancies were considered in this study.
Recipients were sold to the owners of the donor animals between 90 and 100 d of gestation and removed to locations throughout the United States and Canada. The Embryo Transfer Laboratory at Colorado State University did not supervise the recipients after that time.
Collection of Calving Data. To retrieve calving information, survey forms were sent to the client-owners of the recipients over a period of several years, along with a letter explaining the importance of the study. These forms requested the calving date, sex of calf, birth weight and viability at birth, at 1 mo and at 6 mo of age. Information was also requested on abortions and causes of neonatal deaths. Returned forms were checked for missing or questionable data. Attempts were made to verify any unusual data. Follow-up phone calls were made to clients who did not respond to the mailed forms. When the survey was begun, some of the calves had already been born 2 yr previously, but these were a small percentage of the total. To improve retrieval of the older data, phone calls were made before mailing. Where large blocks of data were missing from a herd, visits were made to that particular farm or ranch. In a few cases, breed associations provided missing data.
Data were obtained from 1,908 embryo transfer pregnancies. The return rate was 84% of the pregnancies leaving the Embryo Transfer Laboratory at Colorado State University from January 1, 1974 to December of 1980. Data were unavailable from one large group of Simmental pregnancies because records were lost. If this group of pregnancies is not included, the return rate was 89%. This high rate of return was in part due to a good working relationship with the majority of our clients, and strengthens the validity of the data.
Evaluation of Data. Most statistical analyses
were performed using the data from five donor breeds (Holstein, Hereford, Angus, Limousin and Simmental). Other breed groups were too small for valid analyses of donor breed effects.
Recipient animals were divided into five groups on the basis of age and breed. The five groups were 1) crossbred heifers of Continental European beef breeds, 2) crossbred cows of Continental European beef breeds, 3) heifers of British beef breeds and their crosses, 4) cows of British beef breeds and their crosses and 5) Holstein heifers. Heifers were defined as animals less than 4 yr of age in the few cases in which accurate histories of parturition were not available. We believe that only a small percentage of recipients was misclassified with this criterion. Most of the animals categorized as being Continental European breeds were onehalf or three-quarter blood Simmentals (crossed primarily with Hereford or Angus breeds). British breeds consisted primarily of Herefords, Angus and their crosses.
Fertility status of donor cows was determined by the staff at the Embryo Transfer Laboratory from previous histories and(or) physical examination. Cows were divided into five groups: 1) cows with normal fertility, 2) repeat breeders, those cows not pregnant after repeated breedings over a 6-mo or longer period, 3) history of cystic ovarian disease, 4) metritis, cows with a history of chronic uterine infections and 5) senescent cows, those older than 10 yr that were fertile as young cows but had since become repeat breeders. For purposes of analysis, cows that were infertile due to adhesions were included in the normal group.
The numbers of abortions and deaths of calves, and the resulting percentages were calculated only on complete data sets. For example, if information was available from only five of six pregnancies from one transfer group, the entire set was excluded from the analysis to prevent bias. More information was available for some analyses than others. For example, even though sex was not recorded for five of the calves born dead, it was recorded more frequently than birth weights, which in turn were recorded on more farms and ranches than calving difficulty scores.
Control Data. Collection of appropriate control data from natural pregnancies was difficult. Control pregnancies should match embryo transfer pregnancies by breed of dam (surrogate and natural), age of the dam giving birth, season of birth and farm environment. Most often recipient animals were of a different breed from the breeding herd population~ In nearly all cases, however, embryos were of a similar breed as the herd on a particular farm. Season was sometimes difficult to match because embryo transfer calves were generally born throughout the year, while other calves were born only during a limited calving season. Because of these constraints, the number of herds with reasonable amounts of usable data for both control and embryo transfer calves was limited.
Data were arranged into farm groups, defined as both embryo transfer and natural calves born during the same 3-mo period and of a similar breed. Breed of recipient was ignored because analyses on the large set of embryo transfer data showed that this effect was small. Age of the recipient giving birth was recorded, and data for birth weight and calving difficulty were corrected by adjustment factors for sex and age of recipient, derived from the main study. Data were from 20 farm groups consisting of 185 embryo transfer calves and 305 non-twin, non-embryo transfer calves.
Statistical Analyses. Statistical procedures were used as was appropriate for each situation, including t-tests, one-way analyses of variance, chi-square and least-squares analyses of variance or covariance (Harvey, 1977) . First-order, but not higher-order interactions were considered in the least-squares models. Both linear and quadratic responses of covariates were examined. The specific factors and covariates included in each model are presented in the Results and Discussion section. Control data were analyzed by similar procedures with factors farm groups, sex of calf and embryo transfer vs control pregnancies and calves. Tukey's hsd procedure was used for multiple range tests (Steel and Torrie, 1960) .
Results and Discussion
Abortions. Losses due to abortion of 1,776 2-too embryo transfer pregnancies from complete data sets were 3.15% between 2 and 3 mo of gestation and 2.14% between 3 and 7 mo of gestation (table 1) . These are within the recorded range of normal populations. Miller (1977) observed that 7 to ~2% of cows that were pregnant for 30 to 50 d aborted. Though abortions between 2 and 3. mo of embryo transfer pregnancies were over 3%, the product generally sold by commercial embryo transfer units is a 90-d pregnancy. There has been some concern that the embryo transfer procedure itself, or the quality of the embryos at the time of transfer, might influence abortion rates. In this study, the following factors were not related to abortion rates (table 1): 1) embryo age at time of collection and transfer, 2) embryo quality, 3) period of storage between collection and transfer, 4) asynchrony of recipient with donor estrus, 5) donor age, 6) ovarian response of donor to gonadotropin treatment and 7) whether the donor had a history of infertility. Renard et al. (1980) -found that in vitro culture of embryos for 24 h markedly increased abortion rates. In the present study few embryos were stored for more than 10 h, and no effect of storage time on abortion rate was noted.
Embryos from unsuperovulated donors resulted in 10 abortions between 2 and 7 mo of gestation from 136 pregnancies (7.4%), while embryos from donors treated with exogenous gonadotropins for superovulation had 84 abortions from 1,640 pregnancies (5.2%). This difference was not significant. Abortions from embryos from donors with fertility problems were: repeat breeders, 11/135 (8.1%); donors with cystic ovarian disease, 2/33 (6.1%); donors with metritis, 4/40 (10.0%) and senescent donors, 4/117 (3.4%). Donors with no history of abnormal fertility had 73 abortions from 1,451 pregnancies (5.0%). None of these differences was significant.
Mortality of Calves.
Causes of deaths of embryo transfer calves are summarized in table 2. Of the 1,682 calves born, 110 (9%) died; 11 deaths were from 126 embryos recovered from non-gonadotropin-stimulated donors (9% deaths), and 144 deaths were from 1,556 embryos recovered from gonadotropin-stimulated donors (also 9% deaths). Only nine calves died of a diagnosed congenital defect, five bulls and four heifers. The defects were a two-headed calf, kidney failure, severe retardation, hydrocephalis, abnormal heart, cerebral hypoplasia and missing stifle. Two calves with intestinal blockage were sired by the same bull This bull sired several calves with the same defect in the non-embryo transfer population.
Embryos resulting in calves with congenital defects were all of excellent quality at transfer and were 5 to 8.5 d of age at collection. One embryo had been stored for 10 h before transfer. The rest were stored from 4.5 to 8.0 h. The synchrony of recipients with donor estrus was within 1 d for all nine cases, and donors of these embryos were less than 12 yr of age. The two-headed calf was from a non-superovulated donor, and the rest of these embryos were from superovulated donors. Three donor cows had a history of infertility; one was a repeat breeder, one had cystic ovarian disease and one was a senescent cow.
Calves with recorded congenital defects constituted only .54% of the total population surveyed. This is below the level reported in some non-embryo transfer populations and well within the range reported by others. It is likely, however, that more congenital defects would have been found if all calves that died had been autopsied and studied thoroughly. Leipold et al. (1972) found that .2 to 3.0% of the calves born exhibit some form of congenital defect. Bellows (1971) found that of 285 calves that died at birth from 6,409 calves, 80 (28.1%) had aMore deaths occurred in bulls (P<.05, chi-square).
abnormal anatomy when autopsied. This was 1.2% of the total population of calves studied. Three embryo transfer calves were born prematurely and died. Premature birth was defined as more than 30 d before the average gestation length for that specific breed of embryo (King et al., 1985) , but more than 7 mo of gestation. The calves ranged from 32 to 43 d early. One additional Limousin heifer calf was born 43 d early. She weighed only 10 kg, but lived and had a respectable weaning weight 6 mo later. Premature birth and death were not associated with any unusual characteristics of embryos or unusual conditions at the time of embryo transfer.
As noted previously, some of the 36 calves that died of unknown causes at birth or shortly thereafter (table 2) may have had an undetected congenital defect. These calves made up 2.14% of births and were the second largest neonatal death group. Embryo age ranged from 5 to 8.5 d. Embryo quality (on a scale of 1 to 5) averaged 1.36. Embryo storage time averaged 5.47 h. Asynchrony was at most +1 d. Donor age averaged 5.78 yr. Ovarian response and fertility status of the donors were similar to those of live calves. Breed of embryo was not a significant factor in these losses. Mismanagement probably played a key role in many of these undiagnosed deaths as well as some of the 24 deaths from unknown causes that occurred from 1 d to 6 mo of age. Of these 24 deaths, 10 occurred within 1 wk of birth and 10 more occurred from 1 wk to 1 mo of age. The embryos and transfer conditions for the calves that died at an older age were all within normal limits. Bellows (1971) performed autopsies on calves dying of unknown causes at birth. He found 71.9% had normal anatomy. Fifty-seven percent of these calves died of hypoxia. He concluded that improved management would greatly reduce these deaths, which accounted for 4.45% of the calving population in his study.
Twenty-one calves died of various calfhood diseases, and 19 died between birth and 6 mo of age as a result of environmental conditions such as: cold weather, broken legs and accidental strangulation. All 40 of these calves came from normal embryos transferred under normal conditions. Many of these deaths probably could have been prevented, as Reynolds et al. (1980) pointed out in their survey of calves born at the Louisiana Agricultural Experiment Station.
Dystocia-related deaths at birth were the largest cause of neonatal losses: 26.3% of total deaths, 2.38% of births. Characteristics of embryos resulting in dystocia-related deaths were comparable with those resulting in live calves. Neither breed nor age of recipient had a significant effect on these losses (P>.I). Anderson and Bellows (1967) found that the most common cause of death at birth in 3,049 parturitions at the U.S. Range Livestock Experiment Station was injury incurred during difficult or delayed parturition.
The neonatal death loss in a group of 305 non-embryo transfer control calves was 5% (n = 16). The loss in the embryo transfer calves matched to the controls was 7% (13 of 185; P>.I). These percentages are lower than those found in the overall survey. The herds from which control data were collected were clearly the better managed herds.
Total losses from 2-mo of gestation through weaning were 14% (table 3). We conclude that neonatal and preweaning deaths among embryo transfer calves are independent of embryo transfer procedures. Losses were well within the ranges reported in the literature. However, improved management could reduce these losses. An example of such management-related losses was one group of eight calves in which a11 eight died: four at birth, two at 1 wk of age and two at approximately 1 mo of age. These calves were included in the analyses even though gross mismanagement was apparent.
Birth Weight and Calving Assistance. The 1,139 calves with recorded birth weights averaged 37.38 kg. Only herds for which birth weights were available for all calves were included in the analysis to avoid bias; most dairy herds did not record birth weight.
The least-squares analysis of covariance for birth weight using donor breed, recipient breed and age, and sex of calf as factors, and deviation from average gestation length for the breed of embryo as a covariate, showed the covariate to be one of the greatest sources of variance (P<.005 ; table 4). As gestation length increased by 1 d, birth weight increased linearly by .29 kg. The quadratic component was not significant. This is in agreement with Burfening et al. (1978) and Gregory et al. (1978) . Donor breed had a highly significant effect on birth weight (P<.005). Angus donors produced the lightestweight calves (32.8 kg), while Simmentals produced the heaviest calves (41.2 kg; table 5). Bull calves were 2.19 kg heavier (P<.005) at birth than heifer calves. Recipient breed and age also were highly significant factors (P<.005), but only accounted for a fraction of the variance compared with sex and donor breed. Recipients of beef breeds that were less than 4 yr old (heifers) had lighter-weight calves at birth than did older recipients. The Holstein recipients, all of which were heifers, had calves of intermediate birth weight (table 6) .
Calving assistance was scored: 1 = no assistance, 2 = easy to moderate pull, 3 = difficult pull and(or) mispresentation and 4 = Caesareansection. Calving assistance was recorded on 1,036 embryo transfer calves. Not all clients surveyed kept a record of calving assistance. Those who did, however, did so consistently. Average calving assistance score was 1.6. The least-squares analysis of variance of calving assistance showed that donor breed as well as recipient breed and age were significant sources of variation (P<.005; table 7). Heifers of the British breeds and their crosses required the greatest amount of assistance and Continental European crossbred cows required the least (P<.005; table 8). The interaction between donor and recipient breed was highly significant (P<.005). When embryos from the larger breeds (Limousin and Simrnental) were placed in younger, smaller breed recipients (Angus heifers, in particular), the average calving score was 2.85. Limousin embryos placed in Continental European crossbred recipients had an average calving score of 1.I8. Surprisingly, there was no significant effect of sex of calf on calving assistance score.
The quadratic regression coefficient of calving assistance on gestation length in days was -.009 (P<.005). The linear coefficient was not significant. This decrease in the score as gestation length increases differs from the findings of other authors (Burfening et al., 1978; Gregory et al., 1978) . However, Bellows et al. (1971) found that while birth weight and gestation length were positively correlated, gestation length had no significant effect on calving difficulty when variation in birth weight was held constant as it was in this analysis. The quadratic regression coefficient of calving assistance on birth weight was .0002. This effect was marginally significant and the linear component was not statistically significant. This is similar to the findings of others Burfening et al., 1978; Gregory et al., 1978) .
Data from farms with both control and embryo transfer information were subjected to least-squares analyses of variance. There was a farm group difference for birth weight and calving assistance (P<.01) that can be attributed to the breed differences, as seen earlier in the embryo transfer population. The lighestweight calves were a group of nine Angus calves (28.9 kg) and the heaviest were a group of 20 Simmental calves (43.6 kg). A group of 15 Angus calves was delivered with the least amount of assistance (score = .53), while a group of 47 Simmental calves required the greatest amount (score = 1.9). The scores for calving assistance had previously been adjusted for sex of calf, age of recipient and effect of birth weight. Thus, some scores became less than One.
There was no significant difference in calving assistance or birth weight between embryo transfer and control births. However, there was an interaction (P<.01) between group and embryo transfer vs control for calving assistance. Because embryo transfer calves are usually more closely observed at birth, herdsman probably were more eager to assist on some farms. Overall, embryo transfer procedures did not affect birth weight or amount of assistance required at birth.
Sex Ratio. In this study, the sex ratio for 1,751 calves was 51.11% males. Two sets of monozygous twin heifers were included, each set considered as one event. Analyses of factors influencing sex ratio included information on 1,666 calves with a sex ratio of 51.56% males. Some data had to be excluded from the original set because of being incomplete, or the recipient was not properly matched with the embryo. Such inaccuracies occurred when records obtained from the respective breed registries had information on the embryo transfer calf, but no record of the exact recipient animal. Data were analyzed using Student's t-test and a two-way analysis of covariance.
Embryo age at time of collection, embryo quality, length of storage between collection and transfer, asynchrony of recipient with donor estrus, donor age, gonadotropin-treated (51% males, n=1,540) and nontreated donors (53% males, n=126), number of corpora lutea palpated on the ovaries of the donor and fertility status of donor were investigated as possible factors affecting sex ratio (table 9) . Embryo breed and recipient breed were also considered. These factors, with the exception of the following, had no effect (P>.I) on sex ratio.
The average age of donors producing bull calves was greater (P<.I) than for those producing heifers. Senescent donors, cows 11 yr or older (one cow was 19.5 yr old), that were fertile as young cows but had since become repeat breeders, produced more male calves (70/113; P<.05) than donors with no history of infertility (698/1,363). Skjervold and James (1979) found no clear trend in cattle when parity was investigated as a possible factor influencing sex ratio, but their cows were of five parities or fewer. However, in a survey of 467,959 lambs, Skjervold (1979) found that the percentage of males increased (P<.O01) with the age of the dam.
The breed of the embryo was also a barely significant (P=.06) source of variation in the sex ratio. Sex ratios ranged from 47.3% males for Holsteins to 54.2% for Angus. Skjervold and James (1979) , in their survey of 1,258,208 calves, also found that breed was a source of variation (P<.001) in the sex ratio when all other factors were held constant. In a survey of lambs by Skjervold (1979) , breed had a significant (P<.01) effect on sex ratio. In the control group, the sex ratios were 56.4% for the control calves (n=305) and 55.7% for the embryo transfer calves (n=185, P>.I). One explanation for the higher sex ratio in these herds was better management. It has been shown that the percentage of males born is higher in better-managed herds (Skiervold and James, 1979) .
In this study, the sex ratio of embryo transfer calves was in close agreement with nonembryo transfer calves (Johansson et al., 1974; Foote, 1977) . Factors found to cause variation in sex ratio, breed and age of dam, affect the non-embryo and embryo transfer populations similarly. Embryo transfer procedures had absolutely no effect on the sex ratio of the resulting calves.
Incidence of Identical Twins. Two sets of identical twins were observed in this group of 1,751 embryo transfer calves. This is .114% of the population, which is in good agreement with what Johansson et al. (1974) found upon investigating twinning in a large non-embryo transfer population. Both sets of twins were females, and resulted from normal embryos transferred under ordinary conditions.
Wastage Before 2 Mo of Gestation. Pregnancy rates from embryo transfer are similar to those from arHficial insemination, but probably are influenced by some of the factors considered in this study. However, it should be emphasized that the starting material for these studies was 2-mo pregnancies and that data are not presented on pregnancy rates. Clearly, there is considerable embryonic loss between embryo transfer and 2 mo of gestation (e.g., Markette et al., 1985) .
Conclusions
Embryo transfer procedures had no untoward effects on abortion rates, neonatal and preweaning death losses, birth weight, calving assistance, or sex ratio. There were no significant differences between embryo transfer calves and herdmates not resulting from embryo transfer. Embryo transfer calves were completely normal for all characteristics studied.
